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1
REDUCING AGENT INJECTION NOZZLE

The invention relates to an injection nozzle for injection of
a reducing agent into an exhaust gas system of an internal
combustion engine for selective catalytic reduction, espe-
cially for atomization by means of compressed air or propel-
lant gas, the nozzle having a nozzle body and at least one
outlet opening, wherein the nozzle upstream of the outlet
opening has a variable volume which after completion of
injection of the liquid is increased in order to draw gas from
the vicinity through the outlet opening into the nozzle.

Furthermore the invention relates to a method for operating
an exhaust gas aftertreatment system with a injection nozzle
with at least one outlet opening for injection of a reducing
agent into an exhaust gas stream of an internal combustion
engine for selective catalytic reduction.

These injection nozzles are known and are used in metering
systems for injection of a reducing agent, such as a urea
solution, especially according to DIN 70070, into the exhaust
gas stream of an internal combustion engine. Metering sys-
tems for delivery of a reducing agent into the exhaust gas
stream for selective catalytic reduction of nitrogen oxides
(SCR) are used to minimize nitrogen oxide emissions from
internal combustion engines. To do this, a reducing agent is
injected into the exhaust gas system with a metering device.
Ammonia is the reducing agent. In this sense a reducing agent
or urea solution is to be understood as ammonia and also urea
solution or another reductively acting agent and especially
so-called AdBlue, i.e. a urea solution according to DIN
70070.

In these exhaust gas systems a reducing agent such as for
example a urea solution is injected by means of compressed
air into the exhaust gas stream and atomized in order to form
an aerosol which is as fine and uniformly distributed as pos-
sible. The reducing agent is used for selective catalytic reduc-
tion (SCR) in so-called SCR catalytic converters for reduc-
tion of nitrogen oxide emissions from diesel engines.

After completion of reducing agent injection, residues of
the reducing agent solution must be removed from the nozzle
in order to prevent their crystallizing and clogging the outlet
opening of the nozzle.

For this purpose installation of an additional compressed
air line is known in order to blow the nozzle free by means of
compressed air after completion of reducing agent injection.

The disadvantage here is that a large number of individual
parts must be installed and connected, especially an addi-
tional compressed air line and corresponding valves which
must be triggered in order to blow the nozzle free after
completion of the reducing agent injection by means of com-
pressed air. As aresult, a large number of individual parts such
as lines and valves must be installed, connected and triggered
in operation.

Proceeding from this prior art, the object of the invention is
to reduce the installation effort of the components which are
to be installed in the exhaust gas system and thus to cut
production costs. Another object is that in the production of
the exhaust gas aftertreatment system fewer parts need be
installed and the installation space is optimized. Furthermore
a simple and reliable operating method for this injection
nozzle will be made available which works without additional
lines and valves.

This object is achieved as claimed in the invention by an
injection nozzle as claimed in Claim 1 and a method as
claimed in Claim 10. Advantageous developments of the
device are given in the dependent claims.

In the injection nozzle for injection of a reducing agent in
an exhaust gas system of an internal combustion engine for
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selective catalytic reduction, especially for atomization by
means of compressed air or propellant gas, the nozzle having
at least one outlet opening it is especially advantageous that
the nozzle upstream of the outlet opening has a variable
volume which after completion of injection of the liquid is
increased in order to draw gas from the vicinity through the
outlet opening into the nozzle.

By the arrangement of a variable volume in the flow direc-
tion of the reducing agent upstream of the outlet opening of
the nozzle the nozzle opening and the channel which lies
behind are aerated after completion of reducing agent injec-
tion and residues of reducing agent are removed which could
otherwise crystallize out and clog the nozzle.

The heart of the invention is thus an arrangement of a
variable volume and its enlargement to aerate the outlet open-
ing and the flow channel of the nozzle.

Preferably the variable volume is delimited by a position-
variable, especially flexible element, especially a membrane,
a piston, a spring-loaded piston or the like which can be
deflected out of'its rest position in order to reduce the variable
volume, and which has reset forces to automatically return to
its rest position in order to increase the variable volume.

Preferably the variable volume is delimited by a flexible
element which during injection of the liquid is deflected out of
its rest position to reduce the variable volume, after comple-
tion of the injection of the liquid the flexible element return-
ing to its rest position and increasing the variable volume.

The position-variable element is thus in the position to
reversibly move back into its rest position by its reset forces,
the volume which is delimited by the position-variable ele-
ment and which is located upstream of the nozzle outlet
opening being larger in the rest position of the element than
for a position-variable element which has been deflected out
of'its rest position.

Since the enclosed volume in the rest position of the lim-
iting element is larger than in its position deflected during
metering operation, after completion of the injection of the
reducing agent exhaust gas from the exhaust gas line is drawn
into the nozzle through the nozzle opening and the nozzle is
automatically aerated and reducing agent removed.

Due to its reset forces, the position-variable element which
delimits the variable volume returns to its rest position and in
this way increases the variable volume accordingly.

Especially preferably the variable volume is delimited by a
flexible element while during injection of the liquid is
exposed to the compressed air which is used to atomize the
liquid and is deflected out of its rest position in order to reduce
the variable volume.

By using compressed air which is supplied to the nozzle for
atomization of the reducing agent solution, the overall design
is especially advantageous since the separate feed of a pres-
surized fluid can be omitted and the feed lines for compressed
air and reducing agent discharge into a compact nozzle body
and are connected to it. In the nozzle body is the variable
volume which is delimited by a position-variable flexible
element, and downstream of the volume is the outlet opening
for reducing agent so that a compact unit is formed.

Alternatively or cumulatively to the use of compressed air,
the variable volume can be delimited by a flexible element
which during injection of the liquid is exposed to a pressur-
ized fluid of the internal combustion engine, especially oil or
fuel or cooling liquid, and is deflected out of its rest position
in order to reduce the variable volume.

To pressurize the flexible element which delimits the vari-
able volume any pressurized fluid can be used, preferably
those which are available in operation of an internal combus-
tion engine, such as especially lubricant, fuel or coolant.
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In one preferred embodiment the variable volume is delim-
ited by a flexible element which during injection of the liquid
is electromagnetically deflected out of its rest position in
order to reduce the variable volume.

By using an electromagnet to deflect the position-variable
element which delimits the variable volume, cumulatively or
alternatively to using a pressurized fluid an exactly control-
lable deflection of the flexible element and thus setting of the
desired volume or inducing the desired volume change can be
carried out.

Especially preferably the outlet opening of the nozzle is
located geodetically above the variable volume.

In this way lagging of the liquid can be reliably prevented
by the nozzle being located above the variable volume.

Preferably it is a binary nozzle in which the liquid is atom-
ized by means of compressed air, the nozzle in addition to the
outlet opening for the liquid having at least one further outlet
opening for compressed air, in particular that the outlet open-
ing for compressed air is located circularly concentrically to
the outlet opening for liquid.

In one preferred embodiment the nozzle is made such that
it is made as an externally mixing binary nozzle. For this
purpose the nozzle in one especially preferred embodiment
has at least one first nozzle opening and one second nozzle
opening which are arranged to one another such that a reduc-
ing agent emerging through the first nozzle opening is atom-
ized by means of the propellant gas such as compressed air
emerging through the second nozzle opening and a homoge-
neous aerosol is formed outside the nozzle body.

One especially preferred arrangement of the two nozzle
openings arises when the second opening is formed by an
annular gap which is located concentrically to the first open-
ing.

Thus it is possible to route the liquid to be atomized
through the first nozzle opening and to route the compressed
air or the propellant gas through the annular gap which con-
centrically surrounds this first nozzle opening so that when
the liquid is ejected by the compressed air or the propellant
gas the liquid is atomized and thus the required aerosol is
formed. To do this, the two substances, reducing agent solu-
tion and compressed air/propellant gas, are routed to the
nozzle on separate paths. Since in addition to compressed air
also any other propellant gas can be used for atomization of
the liquid, compressed air in this sense is used as a synonym
for any propellant gas.

Preferably urea solution especially according to DIN
70070 is used as the reducing agent which is to be atomized
for selective catalytic reduction. The basic principle of the
nozzle in this especially preferred embodiment is thus aerosol
formation outside of the nozzle.

The injection nozzle can be made in one piece. For this
reason the nozzle can be produced by means of a metal
powder injection molding method. Here the required cavities
during injection of the part are formed by one or more plastic
bodies, these plastic bodies vaporizing in subsequent release.

The nozzle is made in several parts in one alternative
embodiment.

Preferably the nozzle is made in two parts or several parts,
a first part having a first nozzle opening, and a second part at
least partially surrounding the first part so that a second
nozzle opening is formed between the first and second part.

At the same time, between the two parts the annular gap
which forms the second opening and which concentrically
encompasses the first nozzle opening, i.e. forms a ring which
is concentric to the first circular nozzle opening, can be
formed by this configuration in which the second part at least
partially surrounds or encompasses the first part.

10

15

20

25

30

35

40

45

50

55

60

65

4

Instead of a concentric ring, several individual small open-
ings can also surround the first nozzle opening, via the plu-
rality of second openings the compressed air or the propellant
gas being discharged in order to atomize the liquid emerging
from the first nozzle opening and to form the required acrosol.

The parts can be cemented to one another in a multi-part
execution of the nozzle.

Preferably the nozzle on the outside, i.e. especially in the
direction to the exhaust gas stream, in the installed state has a
thermal insulation layer. In particular the nozzle can have a
ceramic coating. In this way the nozzle is effectively pro-
tected against heat, as occurs in the exhaust gas line of an
internal combustion engine.

Especially preferably the variable volume upstream of the
outlet opening of the nozzle is integrated into a liquid line or
into the nozzle body.

The variable volume can thus be integrated into a liquid
feed line toward the nozzle within the overall arrangement
upstream of the nozzle body and can form a part which can
then be connected only to the delivery side of a metering
pump and to the nozzle. The variable volume can be inte-
grated into the nozzle body and/or into the line package.

In the integration of the variable volume into the nozzle
body of the nozzle a very compact unit is formed which then
can be connected to the pressure side of the metering pump of
the exhaust gas aftertreatment unit solely via a liquid line. To
the extent compressed air is used to atomize the reducing
agent, it is sufficient to connect the compressed air line like-
wise to this compact unit.

This simplifies the installation of the system and ensures
reliable operation with automatic aeration of the nozzle after
completion of the reducing agent injection.

In the method for operation of an exhaust gas aftertreat-
ment system with an injection nozzle with at least one outlet
opening for injection of a reducing agent into an exhaust gas
stream of an internal combustion engine for selective cata-
Iytic reduction, it is especially advantageous that after
completion of injection a variable volume which is located
upstream of the outlet opening is increased so that gas from
the vicinity is drawn through the outlet opening into the
nozzle and forces the reducing agent back.

In this way the nozzle is automatically aerated after
completion of reducing agent injection. The reducing agent is
removed from the nozzle so that crystallization of the reduc-
ing agent and a clogging of the nozzle are reliably stopped.
Restart of the exhaust gas aftertreatment system with the
nozzle for injection of reducing agent for selective catalytic
reduction in an internal combustion engine is thus ensured at
any time.

In one especially preferred embodiment the variable vol-
ume is reduced during injection by a flexible element which
delimits the variable volume, especially a membrane or a
spring-loaded piston or the like, being exposed to compressed
air which is used for atomization of the reducing agent and
being deflected out of its rest position, after completion of
injection of the reducing agent the exposure to compressed air
being ended and the flexible element returning reversibly to
its rest position as a result of'its reset forces and increasing the
variable volume.

One exemplary embodiment of the injection nozzle as
claimed in the invention is shown in the Figure and is detailed
below.

FIG. 1a shows a schematic of an injection nozzle with
minimized variable volume during operation;

FIG. 15 shows a schematic of the injection nozzle with
maximized variable volume after completion of operation.
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FIG. 1a shows a schematic of an injection nozzle 1 for
injection of a reducing agent into the exhaust gas stream 2 of
an internal combustion engine for selective catalytic reduc-
tion during operation.

FIG. 15 shows the same arrangement after completion of
the injection of the reducing agent.

During operation, i.e. during injection of the reducing
agent via the externally mixing binary nozzle 1 into the
exhaust gas line 2 of an internal combustion engine for selec-
tive catalytic reduction, a reducing agent solution from a tank
which is not shown is supplied by means of a metering pump
to the nozzle 1 via the feed line 3. The reducing agent is
atomized as it emerges from the nozzle 1 by means of com-
pressed air which is supplied via the feed line 4.

A housing 9 which is divided into two variable volumes 5,
8 by a flexible membrane 6 which is pretensioned by means of
a spring 7 is integrated into the line system 3, 4 of the arrange-
ment as shown in FIG. 1.

The compressed air which is supplied via the feed line 4 is
further supplied via the line 11 to the nozzle 1 for atomization
of the reducing agent solution via the left side 5 within the
housing 9.

The reducing agent solution which is supplied via the feed
line 3 is routed further to the line 10 and furthermore to the
nozzle 1 for injection into the exhaust gas line 2 via the right
side 8 of the housing 9 which is separated by means of the
membrane 6.

During injection operation as is shown in FIG. 1a, the
membrane 6 is deflected out of its rest position due to on the
prevailing air pressure in the chamber 5 against the force of
the reset spring 7 out of its rest position. During operation the
chamber 5 is enlarged as a result of the air pressure prevailing
in the chamber 5 and the chamber 8 within the housing 9 is
made smaller.

To deflect the membrane 6 against the spring force of the
reset spring 7 thus the pressure of the air pressure is used
which s supplied anyway via the line 4, the chamber 5 and the
line 11 to the nozzle 1 in order to atomize the reducing agent
when it emerges from the nozzle 1 in the exhaust gas line 2
and to form an aerosol.

The reset spring 7 in combination with the flexible mem-
brane 6 is designed such that in the chamber 8 pulsation
damping of the pressure surges takes place as result of the
respective delivery stroke of the metering pump which is
connected to the feed line 3, i.e. that pressure peaks are
captured so that a uniform spray picture arises in the exhaust
gas line 2 for the reducing agent which has been routed on via
the line 10 to the nozzle 1.

FIG. 156 shows the situation after injection is turned off.
With turning off the delivery of the reducing agent via the feed
line 3 likewise the feed of compressed air via the feed line 4
into the chamber 5 is shut off, i.e. that at this point there is no
longer any overpressure in the chamber 5. This leads to the
fact that as a result of the spring force of the spring 7 the
membrane 6 which divides the housing 9 into two chambers
5 and 8 migrates into its rest position as a result of the reset
force; this leads to areduction in the size ofthe chamber 5 and
to a corresponding enlargement of the chamber 8 in the hous-
ing 9. Since the nozzle 1 and the feed line 10 which lies behind
it are open toward the exhaust gas line 2, the increase of the
variable volume 8 leads to the fact that exhaust gas is drawn
out of the exhaust gas line 2 through the nozzle 1 and the
reducing agent is removed from the nozzle 1 and the line
section 10 and the nozzle and line section are deaerated by the
intake of exhaust gas from the exhaust gas line 2, as is indi-
cated by the broken-line representation of the line section 10.
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By turning off the compressed air and resetting the mem-
brane 6 due to the spring force of the spring 7 into the rest
position, after completion of the injection of the reducing
agent the nozzle 1 and the feed line 10 to the nozzle are
automatically deaerated in order to avoid deposits. This
ensures that the reducing agent injection arrangement can be
restarted at any time since deposits are reliably prevented.

During restart, the situation as shown in FIG. 1a arises
again since then in addition to the reducing agent pump by
means of which the reducing agent is supplied via the line 3,
compressed air is also delivered to the feed line 4 so that in the
chamber 5 in turn the pressure of the compressed air is on the
membrane 6 and deflects it out of its rest position and accord-
ingly reduces the size of the variable volume 8 on the reducing
agent-carrying side of the membrane 6.

The invention claimed is:

1. An injection nozzle (1) for injection of a reducing agent
into an exhaust gas system (2) of an internal combustion
engine for selective catalytic reduction, for atomization by
means of compressed air or propellant gas, the nozzle (1)
having at least one outlet opening, wherein the nozzle (1)
upstream of the outlet opening has a variable volume (8)
which after completion of injection of the liquid is increased
in order to draw gas from the vicinity (2) through the outlet
opening into the nozzle (1), wherein the variable volume (8)
is delimited by a position-variable, flexible element (6),
which can be deflected out of its rest position in order to
reduce the variable volume (8), and which has reset forces to
automatically return to its rest position in order to increase the
variable volume (8), and wherein the variable volume (8) is
delimited by a flexible element (6) which during injection of
the liquid is deflected out of its rest position in order to reduce
the variable volume (8), after completion of the injection of
the liquid the flexible element (6) returning to its rest position
and increasing the variable volume (8).

2. The nozzle (1) as claimed in claim 1 wherein the variable
volume (8) is delimited by a flexible element which during
injection of the liquid is exposed to compressed air which is
used to atomize the liquid, and is deflected out of its rest
position in order to reduce the variable volume (8).

3.The nozzle (1) as claimed in claim 1 wherein the variable
volume 13 (8) is delimited by a flexible element which during
injection of the liquid is exposed to a pressurized fluid of the
internal combustion engine, especially lubricant or fuel or
cooling liquid, and is deflected out of its rest position to
reduce the variable volume (8).

4. The nozzle (1) as claimed in claim 1 wherein the variable
volume (8) is delimited by a flexible element which during
injection of the liquid is electromagnetically deflected out of
its rest position in order to reduce the variable volume (8).

5. The nozzle (1) as claimed in claim 1 wherein the outlet
opening is located geodetically above the variable volume
(8.

6. Thenozzle (1) as claimed in claim 1 wherein it is a binary
nozzle in which the liquid is atomized by means of com-
pressed air, the nozzle in addition to the outlet opening for the
liquid having at least one further outlet opening for com-
pressed air, wherein the outlet opening for compressed air is
located circularly concentrically to the outlet opening for
liquid.

7. The nozzle (1) as claimed in claim 1 wherein the variable
volume (8) upstream of the outlet opening of the nozzle is
integrated into a liquid line (3, 10) or into the nozzle body.

8. The nozzle (1) as claimed in claim 1, wherein flexible
element (6) is formed by a membrane, a piston, a spring-
loaded piston.
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9. The nozzle (1) as claimed in claim 8 wherein the variable
volume (8) is delimited by a flexible element (6) which during
injection of the liquid is deflected out of its rest position in
order to reduce the variable volume (8), after completion of
the injection of the liquid the flexible element (6) returning to
its rest position and increasing the variable volume (8).

10. The nozzle (1) as claimed in claim 8 wherein the vari-
able volume (8) is delimited by a flexible element which
during injection of the liquid is exposed to compressed air
which is used to atomize the liquid, and is deflected out of its
rest position in order to reduce the variable volume (8).

11. The nozzle (1) as claimed claim 8wherein the variable
volume 13 (8) is delimited by a flexible element which during
injection of the liquid is exposed to a pressurized fluid of the
internal combustion engine, especially lubricant or fuel or
cooling liquid, and is deflected out of its rest position to
reduce the variable volume (8).

12. The nozzle (1) as claimed in claim 8 wherein the vari-
able volume (8) is delimited by a flexible element which
during injection of the liquid is electromagnetically deflected
out of its rest position in order to reduce the variable volume
8.

13. The nozzle (1) as claimed in claim 8 wherein the outlet
opening is located geodetically above the variable volume
8.

14. The nozzle (1) as claimed in claim 8 wherein it is a
binary nozzle in which the liquid is atomized by means of
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compressed air, the nozzle in addition to the outlet opening
for the liquid having at least one further outlet opening for
compressed air, in particular wherein the outlet opening for
compressed air is located circularly concentrically to the out-
let opening for liquid.

15. The nozzle (1) as claimed in claim 8 wherein the vari-
able volume (8) upstream of the outlet opening of the nozzle
is integrated into a liquid line (3, 10) or into the nozzle body.

16. A method for operation of an exhaust gas after treat-
ment system with an injection nozzle (1) with at least one
outlet opening for injection of a reducing agent into an
exhaust gas stream (2) of an internal combustion engine for
selective catalytic reduction, characterized in that after
completion ofinjection a variable volume (8) which is located
upstream of the outlet opening is increased so that gas from
the vicinity (2) is drawn through the outlet opening into the
nozzle (1) and forces the reducing agent back, wherein the
variable volume (8) is reduced during injection by a flexible
element (6) which delimits the variable volume (8), espe-
cially amembrane or a spring-loaded piston, being exposed to
compressed air which is used for atomization of the reducing
agent and being deflected out of its rest position, after
completion of injection of the reducing agent the exposure to
compressed air being ended and the flexible element (6)
returning reversibly to its rest position as a result of its reset
forces and increasing the variable volume (8).

#* #* #* #* #*



